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PREFACE 


I was guided by two requirements, when I sslocted 
this subject for ay thesis work. 

Sbviously the first requirement waa impesed by the 
University. 

"A thesis should be done involving original work 
and yielding results thet might hevo some usefulness on 
its perticular field." 

The second requirovent wes imposed by myself. 

"The subject should os chosen in such a way that the 
preparation of the thesis will enlarge ur knowledge on 
the field ef Industrial Inginsering ss much as possible," 

A thesis done on s very particular protlem of the 
Industrial Pnzingering field, might well be simpler than 
a thesis done on a general type of problema, since the 
former involves fewer variables, and can be presented 
with more specific results. 

An industrial engineer should have a thorough under- 
standing of the whole field of his specialty und a general 
subject for a thesis may well te more profitable for him 
than a specific topic in a localized area of research. 

The seleation of material handling equipment is a 
very creed problem end research on it involves a complete 


branch of industry. 
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ABSTRACT 


The purpose of this thesis 18 to classify material 
handling information available from beoks, pamphlets, or 
ma jas ines, t© collect that infermatien, and to present 
it in a compact forma to facilitate selection of equipment 
for a materiel handling problem. 

This claseification is made according te movement 
required, type of lead, and purposes of the transportation. 

Equipment, movements, loads, anc the purposes ef 
hancling were classified separately, and then assembled 
together ina table, where each type of equipment is 
analyzed according te these criteris. 

173 casos vere surveyed anc each case was represented 
by an entry in the table, indicating what class of equip- 
mont was used, what movements were performec, what load 
wae transported anc wheat the purposss of that handling 
werê. 

The number of tines each type of equipment was used 
ἐπ a particular set cf circumsstsncos was obtaineü, and 
percentages were computed. A final table was prepared to 
suenarizo the findings. This table represents the rela- 
tionship between equipment and its use, in the cases 


analyzed. 
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PROCLLURE 


The survey of the litersture wss my first concern. 

Books and magazinea from the Purdue Libraries, anc 
catalogues obtained upon request to about fifty senufsc- 
turers of material handling equipment, were the sources 
of information. 

One month was spent in readings only. The classi- 
fications and the aceusulation of deta were not started 
until the end of that first period, 

After the first set of classifications wes ested, 
the method of Investigation eovle be designed, Since the 
literature om material hendling cases is not uniform in 
the type end detail of information it provides, one wust 
be acquainted with it before atarting te put it to use, 

The tables in appendix A, represent the Pinel form 
developed from seversi preliminary trials. "ost of the 
articles were read more than once to take care of differ~ 
onces in the ways of collecting date. 

It would be nice if all the Information could be 
collectedi in mimerics] form, tut this waa not possible; 
20 classifications of "large", "medium", and “small” 
were matie up, and these sre defined. 

Distances and weights, when not directly given, were 
estimated from graphs or phetographa. Average densities 
of materials were often used to obtein the weighta. The 
size of workers, when included in photographs, was assumed 


es 6 fest and uged for helsht aeterminations,. 
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SURVEY OP LITERATUIU 


i. Definition of Materials ilandling 

Concept of Material Zanülingz. “hat material handling 
means to people in Industry was my first concern when 1 
started this werk. 

Tho Poliowing aro some definitions presented by well- 
known authora. 

Koshkin: (1) material handling may be defined as follewa: 
it is the horizontal or vertical movement, or a combination 
of these, or the picking up and setting down, of all materi- 
als, whether in thelr raw, semi-finished, or completely 
finlshec fora. 

Piaciotelli (2) sanülinig materials la pleking up and 
putting down, moving in a horizontal or vertical plane, 
or both, by any means, materlala or products of any kind 
in their raw, seml-finished, or completely finished condi- 
tion. 

3tooekomn: (3) Material handiing 1s zenerally defined 
ag the handling of raw materials; semi-finished materials 
and parte; finished producta in sscksars like boxes, car 
tons, barrels or in bulk tareuxh production and storage 


l - Xiosakin, ὃν de, íoGern seterials sanuling; sow York, 
John Wiley & Sons, Ine., y pe des 


2 - Production Handbook; New York, The Ronald Press Coit, 
1047, pa | € 8 


Š,- Stocker, He &, Materials Handling; New York, Prentice 
Hall, Inc., 1951, p. 1. 





areas within a plant. All material handling is transporta- 
tion and all transportation Ls material handling. 

Potts: (4) Material Handling 1s the lifting, shifting, 
and placing of any material, regerdless of its sine, form, 
or weight. 

Parker: (5) Materials hencling is the picking up and 
patting down, moving of materials or products in any plane 
or combination of planes, br any means, which includes 
storage and all movements except processing oporntions 
anc consumption or end cf the material. 

Sharen: (6) Materials handling is transportation of 
all materials inte and through a plant, through renufec- 
turing processes, assembly, stores snd shipping., It is, 
hewever, more than transportation in the commonly accepted 
definition ef carrying or moving materials from one place 
to another in a horigontal plane. It includes lifting, 
moving, tiering and stacking. It is the pipeline of pro- 
ductian. 

From GE 1986 the following definition was scceptes 
after a period of discussions. 


& - Potts, M. W., "aterísls Handling Fquipment; New York, 
Pitman Publishing Torp., 1046, po le 





Š - Barker, 0% Be, Footlick, τν e Jerhan, we Fe, carle, 
Je f., Industrial Materials ferndling; Cleveland, Ohio, 
The Lincoln Extension Institute, ine., 1950, p 5, 


E - Snaren, ú, 3., "odern Naterials-Usndiing Kethods,” 
American Sackinist, June 29, 1946, p. 109-140. 
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Bach time the material is lifted, laid down, niled 
or unpiled, leaded or unloaded, transported vertically 
cr horizontally from one position to another, placed or 
moved from storage, or moved in any way whatever it under- 
4099 “"handiing". ‘There are specific instances where move- 
ment in a machine should be included, as in drying equip- 
ment, tut these exceptions should be exnlicitly noted. 

As can be observed, there is a tendency to include 
storage in thase censiderations; however the point la 
not gonerelly accepted. Ἀπ point of view is that storage 
should bo ineluded gince modern material handling equi p- 
ment has وههن‎ designed to improve the atorage function as 


well as handling in cengral. 


ll. Importance of Katsriels Nandling 

Ancther point to be consisered isa how Important 
material handling is. The opinions of material handling 
eutioritios gíve no significant proof in themselves of 
the importance of this subjest. They, too, have to "sell" 
their ideas. However, statistical surveys have shown that 
an average 0% 40% or more of the cost of a product 1s spent 


Ye ο ο, τα, 1}. 18 
in asníling operations. Me E, 9, 10, 11, 18) 
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7 = Sarder, de Se, “Cut Costs: Push Neterial Handling," 
Iron Agë, vol. 160, Seteher 10, 1251, p. Cl. 






8” < Urquhart, L. X., Force, 5. F., The Mat sorials Senäll 
Case Zook; New York, WoGraw-iill Hook Co., L051, pe 
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MeCleilena 19) 


, talking about the executive in charge 
of material handling, compared his functions with the func- 
tions of the production manager, aná proposed that both 
should be located in the same echelon on an industry's 
organization chart. As he said: “If the two functions, 
handling and production, represent comparable costs it 
seems logical to ponder the possibility of some such break- 
down of assignments". 

Safety plays an important role ín tho field of materials 


(14). (15) show that approximately 40% of 


handling Surveys 
plant accidents involve the materials handling operations 
within the plant. 

A team of selected fritish Engineers visiting Ameri- 
can Industry to study the circumstances which have led to 
the wide application of material handling equipment, exe 


9 = Production Handbook; New York, The Ronald Press Coe, 
1947, De - 


lO- Stocker, H. Fe, Materials iandling; New York, Prentice 
ll- Barker, Co Ho, Footlik, I. Y., Yarham, Co Fo, Carle, 

Je Fe, Industrial Materials tandling; Cleveland, Ohio, The 
Lincoln Extension Institute, ince, Toso, De id. 

l2 Mallick, Re We, Gaudreau, A. Te, Plant Layout; New York, 
John Wiley & Sons, inc., 1951, p. 152. 





lõ- KeClelland, W, Be, Joint Navy-Air Force Packaging and 

Materials andl ing Seminar; Battle Creek, Michigan, Induse 
Truck Division, Clark *quipment Co., 1950, p. 5. 

14- Loughrey, De J., "Material Handling for a Nodern Open 


Hearth Furnace Plant," Plast Furnace + Steel, vol. ὅθ, 
Oeteber 1951, p. 1811, ^ @& & & l a s: 





lo= Urquhart, L. Ke, Boyco, C. We, The Materials Handling 
Case Book; ¡New York, McGraw-Hill Book Co., 1951, pe لال‎ 
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pressed themselves with the words: (16) 


"Cur American friends tell us that the cost of produc- 
tion and distribution is directly related to their standard 
of living and they regard materials handling as one of the 
major factors affecting the cost of living. 

Better materials handling offers a greater opportunity 
to cut production costs and to increase productivity than 
any other single factor. In the U. 3, factories that we 
visited, this conviction was shared by top management and 
all grades of employees, and was given full consideration 
in every decision relating to manufacturing methods and 
practice." 

Articles written on the mstter, commonly emphasize 
the fact that a large percentago of present industry is 
not aware of the full advantages offered by a careful 
analysis of its material handling installations. Again 
this may be considered as "selling" propecanda, instead 
of a lack of knowledge of industrial sxecutives. 

The opinion of the British committee and the increas-~ 
ing investments in material handling equipment, at least, 
are two good reasona to reject that idea. 

A doubtful point, found throughout the literature is 
the question of whether handling alone increases the value 
of some procuct. 


10- Anglo-American Council on Productivity, Materials 
Handling in Industry; London, New York, 1350, pe 5 and 9. 
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(17) mentions this fact by writing: 


Stocker 

",.. However, it is not true, as has been so often said, 
that materials handling adds to cost but not to value, 

A machine will convert a piece of bar steel into rail- 
road spikes but the spikes will have no value at the ma- 
chine. They must be handled from the machine to a ware- 
house, railroad car, or motor truck, and so on until they 
are delivered to someone who will pay for them where he 
wants them. Therefore, it night be argued that only 
materials handling creates valuo because it takes material 
from where they huvs no value to a point where they have 
value. The economists call this "place-utility value". 

Approaching the matter realistically, both the 
machine work and materials handling are necessary to pro- 


vice a product that people will pay for. 


III. Current Trends in Materials Handling 

One weak point of the present status of materials 
handling is related to the question of evaluation of a 
given system. The problem involves so many variables that 
a complete analysis of it would perhaps cost more than the 
advantages of a complete answer would save. Cost analy- 
aig (18, 19) 


is usually done for very particular cases and 


= 6 de «ae des “sss: ee de c d — — — — k. aes "v d Lg sn 


17= Stocker, He E.e, Waterisls Handling; New York, "rentics 


Hall, Ine., 1951, De 4. 


l€- MeClellend, W. B.e; Joint Kavy-Air Force Packaging and 
Materials liandlinz Seminar; Battle Cresk, Sichliaan, Indus- 
trial ‘ruck Livision, ark Equipment Co., 1950, p. l5. 
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the most we get is an approximation of the complete solution, 

Besides the great number of variables, the fact that 
handling operations are well mixed with other productive 
eperations, makes the problem yet more complex. 

The new "Operations Research" techniques might be the 
answer for this particular problem, as well as for many 
other equally important industrial questions. 

Rechanization. "Mechanize whatever you cang, 18 a 
common saying in most articles. 

The high rates of pay for man-work and the constant 
improvement of procuction machines, alwsys domanding a 
greater input of materials, are perhaps the two most im- 
portant reasons for the present trend of mechanization in 
the material handling field. 

The use of mochanized equipment, with lead capacities 
far above the classical “wheelbarrow”, obviously increased 
the economical “load size", 

Volumes piled up in large lots require more time to 
load or unload from a given place, unless they are packed 
together forming one unit. This isa the origin of the so~ 
called "unit load principle" widely recognized through the 
field. 

The assembling of unit loads in pallets, in strapped 
bundles, or any type of container, is of primary concern 
to people engagec in handling operations. 






19- Day, Je Bo, Material Handli: 
Industrial Engineering, Georgie ins 
1950, chapter Ii. 


* Engineering; School of 
Technology, 
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Intraplant distances are not large in comparison with 
road distances, and the overall efficiency of oach opera- 
tion depends leas upon the travel specd than upon the speed 
with which the material can te picked up, stacked, and set 
down. 

The "unit load principle” of material handling is dis- 
tinguishec by the fact that it contains within itself the 
means of picking up, stacking and setting down, as well as 
carrying or handling the material. 

The enormous use of the well-known fork lift truck (20) 
is a function of these basic considerations. Also conveyor- 
ization follows the suse pattern. Here the elimination of 
many loading or unloading operations may be the ain. 

One interesting fect observed by comparing materlais 
handling literature written more than twenty years ago, 

(21, 22, 25) with modern books and articles, was this present 
trend toward mechanization, not only of the transportations, 
but also of the handling between transportations. Old books 
describe types of trucks, cranes, or conveyors that are still 


20- "They Pick 'em Up and Lay 'em Down", Time, Nay 14 1951, 
pe 1068-2. 


2e1- Eoshkin, S. J., Modern Materials Handling; New York, John 


Wiley & Sons, Inc., 1332. 
92e Wright, H. V., Little, de Ge, Augur, Re Ce, Material 


Handling Cyclopedia, New York, Simuons-Boardman Publish- 
në Ge, YE ° 


20 Zimmer, Ge Fe, The Yechanical Handling & Storing of 
Material, London, The Technica 988 Ltd., 32. 
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in use; technical improvements have chango thelr details, 
but the general form is the same. However these old books 
have very little to say about high 11ft trucks, position- 


m) scales strategically located and an 


ing devices, 
infinity of special mechanisms widely used today. 

Coordination. The second large trend for modern 
industries, is characterized by a tendency to coordinate 
handling operations between plants. Mutual savings and 
benefits are evident. Steel strapping and standarc pallets 
are typical examples of these coordination plana. (25) 

No Lay-off. A primary consideration observed in most 
ef the cases where savings in man hours are introduced by 
new methods, is the utilization of excess workera in some 
other part of the plant. This procecure was mentioned in 
about 100% of the articles. 


24- "What Equipment for Positioning,” Flow, vol. 7, no. 6, 
Warch 1952, p. 59-65. 


25- Material Handling Institute, Inc., Modern vethods of 
Materials fisndling; New York, Prentice-Hall, Inte, 1951, 
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CLASSIPICATION OF EQUI PRENT 


I. 323&asic Considerations 

As Koshkin (26) pointed out, "it is not very easy to 
properly classify materials-handling equipment, as at 
least three points of view may be considered as predominant, 
namely: the machine itself, the material handled, or the 
service." 

The follcwing classification is based on machines. 

It was felt that this criterion of separation would simpli- 
fy the whole classification, since materials and services 
taken alone, are not necessarily good indications of the 
complete problem. 

If it is known, for instance, that so many toarás of 
lumber have to be moved daily, very little is known of the 
problem. Distances, geographical conditions, and purposes 
of the transportation are so important that the final 
solution might be entirely affected by them. The same 
conveyor usec in a warehouse to handle miscellaneous articles 
might be used in a hosnital to handle paralysis patients from 
bed to pool for swim treatment. (27) 

This classification was specially designed for use as a 
basis of the quantitative survey; presented in the next sec- 
tion. 


26- Koshkin, S. J., Modern Materials FPandling; New York, 


' tt سو‎ sind 
John Wiley * Sons, Ince, 1992, p. 6. 


27- American Monorall Catalogue D; Cleveland, Onio, 1950, 
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The cefinitions that follow the classification were 
included to standardize the nomenclature used specifically 
in this work. "her are not necessarily intended as general 


recomuendations. 


II. General Classification of Equipment 
Four main groups were oenosen: 
lo Industrial Trucks 
2. Conveyors 
oe Cranes 
4. Miscellaneous 

1. Industrial Trucks 
Hand Trucks 

ae No lift hand trucks 

b. Lift hand trucks 
Powered Trucks 

Co No lift power trucks 

ds Low lift power trucks 

o. High lift power trucks 

f. Tractor-trailer trucks 

ge Special power trucks 

2. Conveyors 

a. Roller conveyors 
b. Wheel conveyors 
Co Chutes 

Co Belt conveyors 
ه0‎ <aApron conveyors 


f. Pusher bar conveyors 
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δε Bucket conveyors 
he Independent track carriers 
1. Chain conveyors 
lo Platform elevators 
k. Portable conveyors 
1. Special conveyors 
de Cranes 
a. Bridge cranes 
b. Boom cranes 
Co Jib cranes 
Ge Fised position holsts 


Ce Portable cranes 


és Hiscellaneous 


III, Definitions 

This section was included to specify exactly the mean- 
ing of terme usec. The lack of uniformity of tho nomencla- 
ture in this field is a matter of deplorable fact. 

An attempt was made to follow the concepts of authors 
like Koshkin, Stocker, Yootlick, and others, and pictures 
and definitions from manufacturer's catalogues. 
= 


Esterial Handling Saui 





ent ls that equipment cesizned 





to provide a means to change the location of a given load, 
to prepare the load for this change, or te secure the lead 
after or before tho requírec change. 
These functions may be classified as: 
Transportation 
Picking up or setting dom 
Storaging 


Packing, strapping, and other 
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The following cefinitions are based on these basic 
O 


1, Industrial Trucks. (28) 


Basically speaking they aro 
platforms on trackless wheels. Their main function is 
transportation, which 18 done in a plane parallel to the 
floor. Some types of trucks have provisions for picking 
up or setting down loads. 

Hand Trucks (Fig. 1 and 2) are industrial trucks moved 
by human force only. If there are not devices for picking 
up the load or setting 1t down, the truck may be designated 
ag "no lift". If the platform 18 comuonly introduced under 
the lead and an elevating mechanism provides a small clear- 
ance to raise the lcad supporters from the floor, then the 
truck may be designated as “lift”. 

Powered Trucks (Fige 3 to 7) are self-propelled indus- 
trial trucks. The "no lift" and "low lift" types are simi- 
lar to the "no 11ft" and "lift" types, already described as 
"Hand Trucks". The source of energy is evidently the basis 
for differentiation. "Hish lift" trucks are trucks equipped 
to pick up the load and set it down from or to places not 
necessarily at floor levol. 

"Tractor trailer" systems ere a chain of trailers 
(similar to "no lift hand trucks") pulled by a truck which 
has as ita only purpose to haul the train formec in this 
manner. 


4U The Electric Industrial Truck Assooistion, Handbook of 
Material Handling with Industrial Trucks; Philadelphia, 
The Electric Industrial Truck Association, 1950. 
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The group "special power trucks" is devoted to 
trucks with devices other than those already mentioned. 
2. Conveyors (29, 30, 31) 


function is to transport the load in & fixed and definite 


are path providers. Their main 


way. However, intentional storage during transportation 
is often made. 

The class of conveyors may be said to comprise all 
track systems and their respective carriers. Conveyors 
allow for a reasonable separation of the load; therefore, 
many operations, besides single transportation, might be 
performed to the indivicual parts of the load. 

Roller and Wheel Conveyors (Fig. & and 9) are charac- 
terised by having rollers or wheels mounted on shafts per- 
pendicular to the direction of the motion of the lead. Gra- 
vity is usually the force used to move the load. 

Chutes (Fig. 10) may be defined as being a continuous 
and smooth fixed platform. Gravity is the only force em- 
ployed to move the lead. 

Belt Conveyors (Fig. 11) are characterized by a con- 
tinuous and flexible movabhle platfora. 

Apron Conveyors (liz. 12) are characterized by a not- 


29~ Cooke, Je Le, "Materials Handling Equipment," Ice + 
Refrigeration, vol. 121, no. 1, July ol, i le 





90- Darling, Ye Ec, “Traveling Stockrooms Assure Flexible 
Assembly," Factory Yanazement 4 Maintenance, vol. 103, 
no. 9, September i950, p+ 54-7, 






öl- Hetzel, Fe Ve, Albright, Re. Ko, Belt Conveyors and Zelt 
Elevators; New York, John Wiley & Sons, inc., 1941. 
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continuous, but flexible platform. They could be con- 
sidered as a special case of a belt conveyor. 

Pusher Bar (Fig. 13). The basic type is characterized 
by moving bars that transmit motion to the load. 

Bucket (Fig. 14). A continuous enain of hinged buckets. 

Independent Track Carriers (Fig. 15). This typo is 
characterized by one or more carriers running on tracks 
which may be installed in either the floor or overhead. 
Human effort or independent power units arə used for pro- 
pulsion. 

Chain (Fig. 16). This type is besically the same as 
above, but all the carriers are mechanically connected. A 
continuous and movable chain provides the force, or the 
force and the path, for the motion. The former case is 
representod by chaln conveyors in which the load hangs 
directly from the links; the latter refers to a chain used 
in conjunction with separate carriers running on tracks or 
directly on the floor. 

Platform Elevators (Fig. 17) are conveyors specially 
designed to lift or to lower the load; therefore, vertical 
paths are widely used. 

Portable (Fig. 18). Any typs of conveyor mounted on 
wheels to facilitate its transportation to several points 
of tho plant. 

Special. Any type of conveyor not coverec in the above 
list of conveyors. 

(52) 


ó. Cranes are units designed to pick up s given load 
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32- Wolverhampton, R. P.e, "Hook Handlers Simplify Heavy Lifts," 
American Machinist, vol. 95, no. 24, Nec. 1, 1949, p. 86-7. 
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and to change its location while holding it in the sir. 
Transportation is not the primary purpose, since they are 
most used to load or unload other classes of equipment. 
Different types of mechanisms and supporting structures 
characterize the various types of cranes. These are: 

Bridge or Gantry (Pig. 20). Here the lifting mechan- 
ism is supported hy a bridge which is supported by a para- 
liel pair of tracks. The bridge moves along the tracks 
and the hoisting unit moves along the bridge. 

Boom (Fig. 21). The lifting unit is supported at the 
end of a boom, which is basically a bar with one fixed point, 
like the barrel of a naval gun. Mechanisms for rotation 
around a vertical axis, a horizontal axis, or both, should 
be provided. 

Derrick or Pillar cranes may be included in this group, 
Since they have the same basic characteristics. A pillar 
or mast is used to support the boom, but the boom is still 
there to perform the same motions. 

Jib (Pig. 22). An inverted rigid "L" is the basic 
frame of a jib crane. The hoisting unit is located at the 
end of the overhanging arm, and it may or may not slide along 
the arm. The whole frame rotates around a vertical axis. 
(Fixed frames with sliding hoists wore classified as con- 
veyors). 

Pixed Position Holsts (Fig. 25) are powered or manual 
hoists, hung or attached to some overhead point. They pro- 
vide vertical motion only. 


Portable (Fig. 24). Any of the above groups sre con- 
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sidered portable when the whole structure can be transported 
to different points in a plant. Wheels, crawlers or pon- 
toons may be employed for that purpose. 

Miscellaneous. Any other material handling equipment 
that was not covered in the previously described classes. 
As pointed out before, this classification was designed 
for the specific purpose of selection of material handling 
equipment, and from most of the cases that were stucied, 


the above divisions were considered sufficient. 
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CLASSIFICATION OF MATERIALS 


Katerials were separated into three groups: 
Bulk 
Single Load 
Unit Load 
Bulk. If a quantity of small pieces assumes the shape of 
the container into which it 18 placed, then the material is 
considered as bulk. This definition is semewhat similar to 
the definition of the liquid state in Physics. 
Two conditions are imposed by this definitions that the 
Size of each plece be small in relation to the size of the 
container, and that the characteristics of each plece allow 
for a rough handling. 
Single Load. If a piece is to be handled one at a time, and 
no taking apart is to be done at latter steps of the handling 
operations, one has the case of single load handling. 


Unit Load. (95 34) 


Any time a certain number of pleces are 
temporarily assembled together in such way that loading and 
unloading are performed once for the whole group, one has 

the case of a unit lcad. However, this only happens if the 
unit is supposed to be disassembled at further stages of the 
process, even if this is done by the final user of the product. 


- w - +. + — — — - L... = = - - — = — - - aub = 


33- "Unitizing for Material Handling,” Southern Power & Indus- 
try, vol. 69, no. 7, July 1951, p. 62-66, 
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52 
CLASSIFICATION OP MOVEXENTS 


Only two classes of movements could be considered: 
Horizontal 
Vertical 


Nore classes would be desirable from the standpoint 
of detail, but the literature surveyec lacked such infor- 
mation. 

Horizontal., All movements but the vertical raising or 
lowering. This denomination includes inclined movements. 


Vertical. Moving 1n an up or down direction. 
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CLASSIFICATION OF SERVICES 


Again two classes were considered: 

Transportation 

Transfer 
Transportation. The load arrives at its destination point 
without any intentional modification intreduced during the 
travel. 
Transfer. Here transportation and productive cperetions 
are performed simultansously. For example, packaging, in- 


spection, or any other work units may be done. 
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Notes for Tables I, Il, and 111 


1. The letters: L, i, and S stand for: large, medium, 
end small, and they are defined as follows: 
Movement 

Horizontal: large - more than 250! 
medium = between 50' and 250! 
small - loss than 50! 

Vertical: large =- more than 3! 
smell =- less than Š! 

Load (any type) 

large - more than 200 1b, 
medium - between 50 lb, and 200 lb. 
small = less than 50 lb. 

2. Numbers inter-brackets represent the percentages of 
cases that a given type of load was used in relation 
to the others. 

Kumbers without brackets represent the percentazes of 

casos that a given sub-class was used in relation to 

the others. 

Example: Table I, first line: From the total number 

of cases where hand trucks (no lift) were used: 

(n) 25% involved horizontal distances larger then 250* 
25% involved horizontal distances between 50' and 250! 
50% involved horizontal distances lesa than 50! 
%o vertical motions were performed. 


(b) No bulk material was handled. 50% of the loads 
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were of the "single load" type and 50% were of 
the “unit load” type. Single loads were always 
(100%) heavier than 200 lb. Unit loads were 
always of the "medium" weight, i.e. between 
50 lb. and 200 lb. 
(ο) 80% of the cases involved "transportation" 
20% of the casos involved "transfer". 
Data related to “special” groups as: special powered 
trucks (group l.g), and special conveyors (roup 2.1), 
was omitted. These groups were defined without any 
Girect relation to a definite type of equipment and 


the Gata related to them has no meaning. 
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APPENDIX B TABLE: IV 


CLASSIFICATION OF DATA 
Original Form 










3 6, 000 x 

L 20,000 | * 

L L 

M | L x x 
S | L k 
000 , 32 L ΙΧ 

L | 230 x 
L 15 2,500 | را‎ 
800 24 | 5 x 
650 | 24 8 (x 
900 24 S | x 
8 | 4 L |x | 
8 L x 
F Š | L x 
3 ! M x 
L ` 7,500 x 

3 15 6,000 x 
8 8 | 47,715 | x 
M 8 L | x 
g 148 4,000 | x 

180 | 4 L | x 

M | 12 4,000 x | 
x | 12 2, 000 x | 
M | 16 4,000 x 

M 12 4,000 x 

- | 8 1,000 x 
L 8 | 3,500 x 
M | 8 10,000 x 

L 2 20,000 x 

M | 6 | L x 
50 2 2,600 x 

L 20 15,000 x 

L L 15,000 x 

L 5 18,000 x 

L 18 L Ix 

M 20 6,000 x | 


l - Material Handling Institute, Inc., Medern Methods of 
Materials Handling; N. Ye, Prentice-Hall, ince, 1991, 





TABLE IV (Continuation) 
CLASSIFICATION OP DATA 
Original Form 


a سر‎ 
=> 
Bulk Single x 
Load E 
ΓΗ 








Trans-]> 





1 54 17 15,000} x 

1 | 56 1 4,000) x 

1 58 - M Ix 

1 60 8 L x 

1 61 30 500 x 

1 62 12 4,000 x 

1 67 8 S |x 

1 67 6 | S |x 

1 69 50 5 ix 

1 71 5 80 x 

1 74 8 500! χ 

1 74 20 500 x 

l | 76 2,000) x 
L3» | NY 1 4, x 

1 | 78 2,400 x 

1 8 2,400 x 

1 | 79 1 4, 000 χ 

1 80 L, x 

1 81 M |x 

1 63 3 

l| 84 1,500 x 

l| 85 4,150 x 
11 | 87 L x 

1 58 L x 

1 90 600 | x 
| 1 95 950 x 

l | 95 5, 000 x 

1 97 L x 

1 99 L x 

1 |100 L x 

1 | 102 6,000 | x 
ı 1 ¡104 x 
| 2 1115 19,000 x 
| 1 |117 8,000 x 

l |118 | L x 
Eur | 3,200 x 
1 11325 | 8,000 x 





l ~ Ibid, 








se 





[οσον valet د‎ 














- > - 
M LL š 


i o πας. — 


= 
c 
5 
4 
> 








Refer- 
ence 


pa [54154 153 pu food Ju pul Jo de pod pu Bel pul Ju po ju Ju ps ud po po Jus pd de be Jo pu pus pos det e 2 
pr : - 
οι 
e 


1 = Ibid. 


TABLE IV (Continuation) 
CLASSIPICATION OF DATA 
Original Form 


Horiz. Vert. Bulk | 


le H 4 | 
le | M. 8 | 
2h Ια WM 210 | 
le k 6 | 
MITO αν 
α΄ - τα | 
$a 3 12 
2927 M 10 | 
19 3 x 12 
2h 230 5 750 
2h 1,030 - 
2h 7 L 12 
le L - 
14 kt S 
lf 900 - | 
Se 9900 | Loo 
lc 900 |" - | 
16 . 8 | 
14 » Š | 
if | ded a : 
Se | 10 12 | | 
Sa 35 13 | 
2h | so OIF | | 
9k M | 10 
le M | 10 
le 80 L 
19 Ν | 11 | 
19 § 12 
le κ | 12 
„2a 1,500 10 Ἱ 
2h 3,000 10 
ch 2,030 22 
Se 1,000 15 
le | M L | 
21 κ L 30 
lf 0 B» 
| 


L 
١ 6,000 
5,900) x 
30,000 x 

| P 
1,000 
1,000 
1,000 
400 
400 

400 x 
2,000 

$ | | 

| By, 000) 

|- "Ν[ 

2, 000 | 

200, 000 

| سي 
1,200 

b | 

15,000 
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TABLE IV (Continuation) 
CLASSIPICATION OF DATA 
Original Form 





Page Equip- ۳۴۳۴۳0416 | Losd 








| 
l Ser" Ρ 
Bo | | m N fa 
Ə | Horiz.| Vert. Bulk Single Unit s οσο 
an! | | Lead Lead 8 ۳ 
| | | | | E E 
1 215 ie 260 | 10 | L | 
1 215 14 5 8 | L | 
1 26. 2-ت هه‎ - K | x 
1 229 24 | 3,000 - M | 
1 2298 le | 21,100 16 | 2,000 
1 2232 lea | 500. - M 
1 234 | le | à | | | B | 
1 936 a 150 18 L | | | 
1 237 1f > | س#‎ | & | 
2 16 | SE 700 L | | 200 x 
2 94 | 85b | MX 150 ] | 4 to 60T x 
£ 25 3b M 4 | | 107 | R 
# s 3 50 8 | 2,500 | x 
2 47 24 200 x "s z$ ja 
2 108 | 21 195 6 15,000 | x 
8 20 2 # wm 1 | x 
2 118 | 24 2,640 20 | K x 
2 18 16 κ L x 3,500 x | 
2 155 26 M - 650 | x 
2 155 3e 28 12 | 13100 κ 
2 141 21 | 180 L | 190 x 
2 1461 841 #685 1 | 100 zx 
8 141 — 31 | 1,085 L | 100| x 
& 242. 1 ¡1,7110 £L | | 3008 jx 
2141 2 | 500 L | | 300 x 
2 141, 21 1,56 L | 1900 x 
2 141 481 | 1,890 L | 100 2 
g 154 | Be 8 - | L | x 
2 18 le | &7 - | L | 
2 154 Bi 1,726 - L | wi 
2 154 | 21 | 1,460 =- | L x 
2 156 (91 5Ο - | L x 
1 - Ibid. 


2 - Materials Handlinz Case Book; New York, NeGraw-iiill Book 









TABLE IV (Continuation) 
CLASSIFICATION OF DATA 
Original Form 


| 


, Page Iquip- oveuent — ος Service 
áo | |I. [et 
AR Horis. Vert. Pulk Single Unit 2 25 
Eo | Load Load c wyl 
| Sf 
| | CONES WI 
| | 
2 154 21 1,946  - L x 
£ 4 la = 150 x x 
2 94 ib 60 s 600 x x 
2 04 lo , 880 - 2,500 x x 
2 غه‎ 26 750 8 2,500 x x 
£ Y le 300 L 2,500 x x 
2 94 if 600 - 12,000x x 
2 θά ὅθ 250 L 10,000 x x 
2 4 12 15 5ο 
& 8 2b 50 8 lo x x 
£ 43 2a SQ 1. 50 x x 
£ 94 2d 150 L 50x x 
g 94 29 150 L S50 x κ 
2 94 21 150 L 1,200 x x 
2 94 2h 150 I; 40x x 
2 | 94 2 - 85 40x x 
2 172 2 1,650 «ο 250 x 
2 182 on 9 10 $0, 000 x 
2 162 ρα 5,800 10 M | x 
2 |162 2d 1,940 , 90 L x 
2 152 ο 1,759 8 L ZI 
g 192 24 1,800 40 75, x 
2 158 gh 3,878 | <— M | x 
$ G4 21 475 | L 5 x 
# | 21 826 80 =- L zx 
4 11 el = ὃ L | x 
4 11 pe B | £8 | L x x 
2 = Ibid. 


Zum Darling, Pe ود‎ "Traveling Stockrooma Assure Flexible ag- 
sembly," Factory Xanegoment x Meintenange, vol. 109, no, 9, 
September LUO, pe سنا‎ (« 






4 -» Cooke, Jo Les "Material raro 4 — Ice and Refri- 
ration, vol. 122, nos 1, July 1951, pe 11-2, Dd 


Hote: All Gistances are in feet and ali load are in pounds. 
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APPENLIX B 


Equipment 


No Lift 
Hand Track 


Lift 
land Truck 


Ho Lift 
Power Truck 


Low Lift 
Power Truck 


Figh Lift 
Power Truck 


TABLE V 


CLASSIFICATION OF LATA 


intermediate Form 


| 
| “ovement 


820118 م‎ Verte 
3 
SO 
900 
30 
50 3 
60 8 
900 
250 
750 3 
5 8 
M 3 
L 1 
L 1 
3 8 
L 2 
| L 2 
| 5 Š 
| 5 4 
| E S 
180 4 
H# 18 
M 12 
H 16 
k 18 
i & 
M a 
M 6 
L T, 
L 16 
$f 20 
b 17.9 
if Š 
1,200 12 
E 8 
8 8 
18 


| 1,390 


Losd | Servic 


Pulk Single Unit | 
Load | Losd | 
| 


6,000 | 
| 


1 
N 
x 200 | 


2,600 x 
200 x 


25, 000 


| 
| 
r (| | 
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TABLE V (Continuation) 
CLASSIFICATION OF DATA 
Intermediate Form 





| | | | ES 
Equipment Horíze Verte Bulk Single Unit a Ep 
| oe Losd | c E 4 
High Lift | s 8 2,400 x 
Power Truck | M 15 4,000 x 
(continuation) 200 4 L x 
I 1 4 3,000, x 
M 8 1,990 x 
M 6 ` 2,000 x 
5 18 | 3,200 x 
L L | 2, 360 x 
H 6 5,000 x x 
| M 10 400 x 
| 250 T, 400 x 
(0M EM" Í 2,000 X 
S 12 L x 
| m 18 3,090 x 
| K L, 1,209 X X 
| 260 10 L x 
1,100 8 2,000 x 
x L 10 L ë 
| XK |L | 5,500 x 
500 L 2,500 x x 
| K Š 4,150 | x 
| 900 12 8,900, x 
Tractor-Trailer 600 12,000 x =x 
500 1,500 x 
| L L x 
900 L x 
| 200 I x 
| 600 1, 500 - 
L | Ti 509: x 
Special I. 20, 000 X 
Power Trucks 1,000 950 x 
| l 
Koller Conveyor Š,S00 | 24 3 x 
5 | L x 
1,000 8 80. x 
1,509 | 10 E x 


ک لپ عم تا -- 


.5 





Equipment 


Roller Conveyor 
(continuation) 


Wheel Conveyor 


Chute 


Belt Conveyor 


TABLE V (Continuation) 
CLASSIFICATION OF LATA 


intermediate Form 


Movement 


| 
Horiz. Verte, Bulk 


Apron Conveyor 0 


| Pusher Bar 
Conveyor 


Puexet Conveyor 


indep. Tracx 
Carriers 


k 
50 k 
5,200 19 
x 3 
700 L 
50 3 
5,200 50 
70 
5 
1,000 8 
12 15 ` 
80 
150 L 
1,940 | £0 L 
200 | 
2,640 20 
1,500 10 
1,600 60 
500 3 
407 
15 5 
570 | 
150 L 
$0, L 
6 L 
150 L 
3,675 
£ | 10 


M 
x 


ps 
t2 


| 


A dah S 


Load 


Load 


er. 


H 


599 


unit 
Load 


gle 


شا 


| Trans plé 


e 
ο 
ېڅ په‎ 


8 x 


pa w‏ بر 
TERT‏ 


80. 


{3 
š = 


5 
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MM RM 


NN 


"i 





Equipment 


indep. Track 
Carriers 
(continuation) 


Chain Conveyor ` 


Platform 
Elevator 


| 


TABLE V (Continuation) 
CLASSIFICATION OF DATA 
Intermeciate Form 


Hovemont 
Roriz., Vert. 
250 5 
1,659 
1, 12 
30 12 
5,000 16 
L 
60 
L 
100 
L 
4,100 
L 30 
1, 15 
2, 050 22 
L 
L 15 
1,650 24 
| x 
`! L 30 
| 1. 
3, 000 
| 180 L 
686 L 
‚1,025 L 
1,710 L, 
500 L 
1,560 L 
1,690 L 
1,726 
1,460 
750 
1,946 
150 L 
1,850 40 
1,752 5 
1,800 40 
H L 
475 L, 
25 
30 


81 


Single 
Load 


Pulk 


750 


1, 000 
2,000 


Ma te 


to 
pu "E (Ce m 


Service 


Unit 
Load 


Transp 
fer 


AM Trans- 


L 


y 
co 
v *- 
5 که‎ Ε' = 
WM e SEN M ON 
HAR پور پو یز پا‎ N 


په په 


100 
100 


100 
100 


100 
100 


1,200 x 


75 


M M پر بر‎ x x MX MM M b€ M N M M 5 
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40 x 
500 


MM 
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TABLE V (Continuation) 
CLASSIFICATION OF DATA 
Intermediate Form 


| 


| Movement | Load Service 
iv | i ΤΊ 
Equipment Horiz. Verte Bulk | Single Unit ¢ ©, 
| | Load Load οσο Go 
| H ہپ ہگ‎ 
i LE E4 
| | 
Platform | Š L κ 
Elevator 8 1,000 x 
(continuation) | 
Porteble on 010 400 x 
Conveyor 
Special 195 6 L x 
onveyor Ἢ 25 L L x 
Bridge Crane i » 290 x 
| 8 i1 6,000 x 
L 20 19,000 x 
3 Ὁ 19,009 x 
κ 20 5,500 x 
| 3 | 12 4, 000 x 
١ BE 18 1, 000 x 
150 18 £ | x 
200 |10 80,000 7 x 
| | | 
Boom Crane M 159 | k | x 
M 40 | 20,000 x 
| 
Jib Crane 10 12 |^ 1,000 x 
| 28 12 | 100 x 
Fixed Pos. Holst 15 4,900 x 
Portable Crane 0 | L 10,000 x x 
1,000 | 15 4, 000 X 
| e 18 L x x 
1, 000 32 L x 
| .M *' 'W 7,718 x 
| L x 
| x 
| x 





Notes All distances are in feet and all loads are in pounds. 
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Pitman Publishing Corporation, 1946. 

This book is devoted to defining, describing, and 
presenting the application of a number of standard types 
of materials handling equipment. 

Material Handling Institute, Inc., Modern Methods of 
Materials Handling; New York, Prehtice-Hall, Ine., 1951. 
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This is a case book very well illustrated, and very 
useful fer these seeking information about what has been 
done in the field of materials handling. Host of the 
cases analyzed in this thesis were found in this book. 

Stocker, He E., Materials Henclings New York, Prentice- 
Hall, Inc., 1951. 

This book is divided inte two parts: one related to 
matoriala handling principles and the other related to equip- 
ment and methods. Both parts are well illustrated. 

Urquhart, Le K., Boyce, C. V., The Materials Handling 
Case Book; Kew York, McGraw-Hill Book Co., 1951. 

This book 13 a collection of articles published by 
Factory Management and Maintenance about materials handling. 
Each article corresponds to a "case" and these cases are 
classified by companies, type of equipment, and products 
handled. 

American Monorail Catalogue D; Cleveland, Ohio, 1950. 

A general catalogue describing equipment. 

Wright, Re Ve, Little, J. G., ugur, Re Ce, Material 
Handling Cyclopedia, New York, Simmons-Loardman Publishing 
Cos, 1921, 

This book, although olc, represents a very valuable 
reference for those dealing with material handling nomen- 
cis ture, 
vechanical Handjlin 


Zimmer, €: Fo, The & Storing of 





Material, London, The Technical Press Ltd., 1932. 
fhis is a treatise in two volumes, covering practically 


the whole field of material handling. 
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Pamphlets: 

Anglo-American Council on Productivity, Materials 
Handling in Industry; London, New York, 1950. 

This is a report of an investigation in the J. 3. Ae 
made by a group of engineers appointed by the Council, to 
study tho circumstances which have 164 to tho wide applica- 
tion of materials handling aids, and the use of power-driven 
tools in American manufacturing industry, snd the reasons 
why employers and omployees welcome their introduction. 

Mocern Natorial Handling; New Jersey, “dison Storage 
Battery Division, 1951. 

This is an bulletin intended to be an elementary and 
non-technical description of the unilt-load method of material 
handling, the power requirements of industrial trucks, and 
the characteristics of Edison Nickel-Iron-Alkaline Storage 
Batteries ín industrial-truck operation. 


McClelland, W. Bo, Joint Navy-Air Force Packaging and 


Materials Handlinc Seminar; Battle Creek, Michigan, Indus- 





trial Truck Division, Clark Equipment Company, 1950. 
These proceedings present an extensive cost analysis 
for selection of materials handling equipment. An actual 


case is Giscussed in detail. 


Articles: 
Cooke, Je Le, ““ateriala Handling Equipment,” ice & 
Refrigeration, vol. 121, no. 1, July 1951, p. ll-2, 34. 
Outline of factors that enter into selection of equip- 
ment for materials handling. Industrial trucks, conveyors 


and pallets are discussed in etail. 
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Darling, P. E., "Traveling Steckroems Assure Flexible 
Assembly," Factor Ma intenanc 


Sept. 1950, p. 94-7. 





The five traveling "stockroom" conveyors used by Kedak 
for Baby Brownie camera assembly, are described. The advan- 
tages of this system are indicated, and the article is well 
illustrated. 

"What Equipment for Positioning," Flow, vol. 7, no. δ, 
March 1952, ρε 50-65. 

This is a fully illustrated article describing types 
aná applications of various positioning equipment. 

Harder, De Se, "Cut Costa: Push Material Handling," 
Iron Age, vol, 166, October 13, 1961, p. Sl. 

The author, vice-president in charge of manufacturing 
at Ford Motor Co., stresses the neag for adequate research 
and training centers in materials handling. 25¢ out of 
every dollar paid for production labor is sald to be spent 
in materials handling. 

Loughrey, D. Te, “Material Handling for a Modern Open 
Hearth Furnace Plant," "Blast Furnace & Steel, vol. 39, 
October 1951, p. 1811. 

A new steel plant in Pittsburgh, with capacity for 
2 million tens of ingots per year, is described from a 
material handling point of view. It ia said that about 
2% tons of material {s handled fer every ton of steel pro- 
duced. During the year of 1950, over 90% of the disabling 


accidents ercurred as a result of watoriesls handling operations. 
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"Unitizing for Material Handling," Southern Power & 
Industry, vol. 69, no. 7, July 1951, p. 62-66. 

This js a sumuary of questions that were presented 
at a round table discussion at a meeting of the Midwest 
Materials Handling Society. The answers are given. 

"They Pick 'em Up and Lay 'em Down," Time, May 14, 1951, 
pe 106-2. 

A short topic concerned with the progress of the 
material handling industry. The fact that the U. 3. Navy 
used fork-lift trucks to perform prodigious feats of load- 
ing and unloading battle cargo during the World War II, is 
mentioned. 

Wharen, He So, "Modern Materials~Handling Methods," 
American Kachinist, June 20, 1946, p. 109-140. 

This article defines and describes hoists, cranes, 
conveyors, and industrial trucks. Selection of equipment 
and safety in handling are briefly mentioned. The article 
presents a graph connaring the Cemend for electric and 
power trucks, according to types, threugh 25 years. 

Wolverhampton, Re. Be, "Hook Handlers Simplify Heavy 
Lifts," American Eachinist, vol. 95, no. 24, Dec. 1, 1949, 
pe 26-7, 

Description of lifting end handling equipment, made 
to work from shop hoists cranes; aimple principles included 


in their design are shown. 


Note: The following books and articles were not referred to 


in the text. 
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American Society of Tool Engineers, Tool Enginoer 
Handbook; New York, MeSraw-11111 Look Co., 1949. 

Although presented in a very compaot form, the 
materials handling section of this handbook is very well 
prepared. <A table designed to help in the selection of 
materials hancling equipment is available. 

The flow Directory; Cleveland, Ohio, Flow Magazine, 
1958-1955, 

This book represents a very useful reference for 
material handling selection on account of its various 
lists of equipment and manufacturers. One section 18 
devoted to charts, and technical tables pertinent to spe- 
cific problems. 

Diamond, E. Lo, "Characteristics of Scrap in Relation 
to Bulk Handling,” Iron & Steel, vol. 164, April 1950, 

p. 452-462. 

The author states that a very great increase in the 
rate of supply of scrap to large melting furnaces would 
probebly be obtainable only by a departure from the pan 
method of loading. The influence of the shape of the scrap 
when fed from chutes is analyzed in an extensive sxperi- 
ment. 

Diener, C. P., "Champion Rivet Eliminates 90$ of Man 
Lifting Jobs," Iron Age, vol. 164, no. 22, Dec. 1, 1949, 
pe 98-100. 

A material handling system using ram trucks, fork 
trucks, hend lift trucks, scales anc hoists, has been set 
up. Results are analyzed showing savings in time, space 


and man-hours. 
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"How 10 Gompanies Used Letter Mandling to Save Xan- 


power, Speed Production,” Factor: 


| sanac owent & Meainten- 
ance, vol. 109, no. 5, May 1951, p. S6-112, 





The article shows various forms of mocern handling 
systems. A chart is given to explain how ten different 
companies solved their specific preblems, anc the advan- 
tages introduced. Each case is illustrated and described 
in detail, 

"Whet Kind of Shipping Container?," Flow, vol. 7, 
noe 6, March 1952, p. 110-129. 

More than 50 different types of containers are mentioned. 
Accompanying photographs show how these containers are being 
used in modern industries. 

Henson, B., “Cutting the Cost of Materials Handling," 
Meneseuent Review, vol. 40, Septeuber 1951, p. 549. 

A program was designed to provide the various operating 
Givisions of a company with a uniform approach to materials 
handling coat improvement. 

Yussbaua, Ae lo, "Special Equipment Handles ieavy Com 
ponents," American Machinist, vol. 99, no. 9, May 1, 1950, 
pe 76-77. 

This article shows how to handle heavy anc awkwardly 
shaped materials. 

Pantas, Le de, “Speeding Production Through Mocern 
Materials Handling," Management Review, vol. 40, "obruary 
1991, p. 681 


Án over-all Ciscussion of material handling problems. 
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The author suggests a safety fsctor of 3 to 1 for stresses 
in the floor slab, that are imposec by a truck in operation. 
Potts, Me we, "Watch Those tandling Costs!," Nanage- 
mont Feview, vol, 40, Nevenber 1051, pe 68l. 
& short topic on material hancling possibilities. The 
author says that an efficient system must be capable of pro- 


ducing a three-wry saving; in time, money, anc space. 
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